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Due to the importance of SiGe layers in electronic and optoelectronic application, it is now
broadly employed in CMOS, bipolar, optoelectronics, sensors, and a variety of other areas. To realize
the utilization of SiGe, the strain-relaxed and surface-smoothed alloy layers are required. To date,
several Upes of buffer layers have been used to grow relaxed Si1-"Ge* layers having low dislocation
densiry including compositionally graded Si1-rGer(0<y<x) layers, SilSi1-rGer(y<*) superlattice, graded
short-period (Si-Gen)N superlattice and low-temperature grown Si(LT:Si) layers et al. In such buffer
layers, they had to be relatively thick in order to achieve low dislocation density and strain relaxation
for device application. However, for device fabrication such as the monolithic integration of devices,
the thinner buffer layer is beffer. In the present report, we will mention on fabrication of a largely
relaxed SiGe alloy layer prepared by an ultra thin amorphous Si (UTA-Si) method.
In the present work, we have studied the effect of UTA-Si buffer layer on the growth of the
Si1-*Ge* (x:0.25-0.4) alloy on Si(001). The substrates were cleaned by using standard chemical
cleaning process before introducing them into an ultra high vacuum growth chamber of MBE. The
UTA-Si buffer layers with a thickness of 20 A were deposited at 150 oC-200 oC. Obscure RHEED
patterns of these layers indicated that the Si bufler layers were amorphous. Above the UTA-Si buffer
layers 2000A-thick Si1-*Ge* alloy layers were grown at 500 oC. The sample structure is shown in Fig.1.
Surface morphology was observed by AFM. The crystal quality was analyzed by rocking curve and
high-resolution reciprocal space map (HRRSM).
Symmetric (00a) rocking curves of the samples with 2000 A-thick Si1-*Ge*(x:0.25) alloy layer on
20 A UTA-Si buffer layer were shown in Fig. 2. By comparing the measured rocking curves with
simulated one, we can obtain the relaxation ratio of samples grown at diflerent deposition
temperatures of UTA-Si. In Fig.2, we find that the relaxation ratio of sample grown at lower
deposition temperature of UTA-Si buffer layer is higher than that grown at higher temperature. We
calculated the in-plane lattice constant and out-of-plane lattice constant with the HRRSM data (not
shown here). From the calculation, we mention that the lower deposition temperature of UTA-Si buffer
is better for the growth of SiGe top layer. We have also studied the effect of UTA-Si on SiGe growth
with high Ge composition. Figure 3 shows the typical symmetric (004) and asymmetric (113)
reciprocal space maps of Si1-*Ge*(x:0.4) samples with different deposition temperatures of UTA-Si
buffer layers. From the RSMs, we find that the diffraction distribution area in both @ and 2 0 la
scan directions are reduced by using UTA-Si, which indicates an improvement of the crystal quality.
From asymmetric (113) reflection, we find that the center position of the area on (113) SiGe layer
changes as a function of the deposition temperature of UTA-Si, which indicates the change of the
out-of-plane lattice constant and in-plane lattice constant, corresponding to the strain relaxation. When
we compare the values of those relaxation, we find the UTA-Si is also effective for the growth of
Si1-*Ge*(x:0.4). The performed experiment leads us to one conclusion that UTA-Si buffer is effective
for the growth of Si1-;Ge1 alloy layers.
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Fig.l Schematic diagram of SiGe alloy layer with UTA-Si buffer layers
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Fig.Z Symmetric (00a) rocking curves for Si1-*Ge*(x:0.25) samples with different deposition
temperatures of UTA-Si buffer layer (a) 150 "C (b)l75oC (c) 200 "C
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Fig. 3 RSMs of Sil-xGex(x:0.4) samples with different deposition temperatures of UTA-Si buffer
layer (a) 150"C (b)17soc (c) 200oC. The upper are (004) RSMs andthe lower are (113) RSMs
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